INTRODUCTION
A charged particle can be accelerated exclusively by electrical field, acting at instant position of the particle. As a rule, an electrical field is localized in the cells, ordered along the particle's trajectory. These cells are exited so that the accelerating field is synchronized with the particle's passage through the individual cell. In cm range wavelengths region, accelerating structure is filled from it's ends. When the accelerating wavelength becomes compatible with the optical one, the structure could be fulfilled with electromagnetic field practically only from the transverse side, what makes it looking more or less like a grating (we shall use both terms --the grating and the accelerating structure).
There are lot of considerations made, where described the particle acceleration with a laser field, excited the grating or optical cavity (see for example [1, 2] ). Typically, the laser bust of high intensity illuminates all the structure along the particle's trajectory. In transverse direction the laser light is focused into a spot with the size of the order of a few wavelengths. In accelerating periods of the laser light, the particles are moving in the field area. During the decelerating periods, the particles are moving close to the surface of the grating, without sufficient action from the longitudinal field. In these proposals the structure is instantly illuminated on the length L, coinciding with the full particle's trajectory, so the full power of the laser is distributed along the full length of the trajectory. The particle, however, is located only in one particular point of the trajectory, at every moment of the time. So, the laser power in the place, where the particle is located, is less than a full one. Again, the illumination of every point of the grating lasts for a time τ , what is necessary for a particle to pass the structure, i.e. τ ≅ L c / , where c is a speed of light.
In contrast, the general idea of the method proposed [3a] , is that the laser light is focused onto a spot with a size much smaller, than longitudinal (and transverse) dimension of the grating. This spot is moved in the longitudinal direction by a special sweeping device so, that the focal point is following the particle in its motion along the accelerating structure. Due to this arrangement, practically all impulse laser power involved in the accelerating field generation at the position where the particle is located. This evidently provides the gain in the accelerating gradient with the same power of a laser. Additionally, as the illumination of every part of the grating lasts an extremely short time in this method, this yields the second advantage of the method. Fig. 1 describes the idea. The pulse of laser radiation lasts for a time τ . So the light beam looks like a needle with the length ≈ cτ . The light beam positions in the different times are numbered by the figures 1, 2 and 3. The light sweeping device 4 is positioned on the distance R from the grating 6. Accelerated beam 5 is going close to the surface (or inside) of the grating 6 with the velocity V. The grating has the length L in the longitudinal direction (this direction coincides with the direction of the beam accelerated). The device 4 is electrically driven for sweeping the light in longitudinal direction. Before the accelerated beam comes to the accelerating structure, the sweeping device deflects the laser beam to the beginning of the grating 6 on the left side of Fig.1 . When the beam leaves the grating, the sweeping device deflects the laser beam to the end of the grating. The angle of deflection is ϑ ≅ L R / . The deflection lasts the time τ also, what means that the angular velocity of the light spot on the surface of the grating is
THE METHOD
. At the moment, when the laser beam arrives to the grating, it has an angle α with respect to the direction of the particle movement. The tangent of this angle is defined as tan / α τ ≅ c L , as it can be seen in Fig. 1 . The relation between parameters must be as the following ϑ α ⋅ = tan / cL VR . This is a basical relation in this method. When the electrons or positrons are accelerated, the velocity V is close to velocity of light, so
, evidently. 
THE FIELD
The field in the wave zone can be represented as integral over aperture of the deflecting device where E(x,y)--is the field distribution at the output surface of the device, a b × is the aperture of the sweeping device, ϑ is an angle in the sweeping plane, ϕ is an angle in the plane (x, y), χ ( , ) x y is a phase distribution over aperture, k c = ω / . As we are interesting in the sweeping only in one plane, we can put ϕ = 0.
and representing χ δ ( , ) x y x = ⋅ , i.e. linear phase variation, provided by the sweeping device, we can obtain for uniform The maximum of this expression corresponds α δ For the focusing of the light on the accelerating structure an deflecting it, the phase variation across the aperture of the deflecting device must be χ δ κ ( , )
x y x x = ⋅ + 2 . The ordinary optical lens gives the necessary parabolic phase distribution.
THE DEFLECTING DEVICE
The fundamental measure of the quality of deflecting device is the ratio between deflection angle ϑ to the diffraction angle ϑ λ / . The deflection angle may be increased by the optical elements, but the number of resolved spots N R is invariant. Basically, N R value gives the number for the lowering the laser power and, also, the number for reducing the duty of the structure heating. Let us consider some possibilities.
Electro-optical device.
For such a sweeping device, an electrooptical crystal can be used. For example, a crystal KDP (KH PO 2 4 ) is transparent for radiation with λ ≅ 0.2÷ 1 µ m. Some other crystals, as a Cadmium Telluride (CdTe) , Cuprum Chloride (CuCl) and Gallium Arsenide (GaAs) is transparent in the region of wavelengths around λ ≈ 10 µm . Hatched triangles shows metallization.
For electrical operating by the sweeping angle, the crystal 3 has a triangle metallization 4 ( , what is typical value of few hundred volts. In KDP (potassium dihydrogen phosphate) crystal
3 is possible [13, 14] . [12, 22, 23] . Other possibility to deflect the laser beam is an acousto-optical deflector. The acoustic wave induced in a media with piezo-optic effect, provides a cyclic change in the index of refraction with the space period compared with the wavelength of the light wave. The light, passing through the modulated media in a transverse direction to the acoustic wave propagation with a small angle, would be deflected to the direction, defined by the Bragg condition. Effectively changing the acoustic wavelength during the light pass through the crystal, one can provide the direction changing of the light, passed through this device.
Acousto-optical deflector
The cross-section of the laser beam must be chosen with such the dimensions, that the power density is below the damage level for this crystal. Also, the sandwich type arranging can be used for obtaining the heat absorption and for more homogeneous phase distribution in the aperture of the sweeping device. For shortening the distance R from deflector to the cylindrical lens, some light optics also considerable. This optics can increase the angle of deflection also keeping the number of resolved spots constant however.
Utilization the shot focusing cylindrical length 7, Fig.3 , reduces the transverse size of the spot to the few wavelengths due to it's positioned close to the accelerating structure and the ratio r a / ≈ π , where r is the distance between the lens 7 and the structure 8. The size of the laser focus in the region of the second short focusing cylindrical lens 7 defined by the diffraction angle ≅ λ / a where a is the aperture of the sweeping device. So it has the order l R a t ≈ ⋅ λ / , where R is the distance between the sweeping device (lens 5 on Fig. 3, see lower) and the lens 7. The maximal aperture of the deflecting system in longitudinal direction, can be made equal to the sum of the accelerating structure and focusing elements' lengths. If we accept for the practical reason this figure as a cm
/ ≅ 100 . So the diffraction length of the spot in longitudinal direction can be of the order l f ≅ 100λ . This value gives the maximal possible value for Q --factor of one cell of accelerating structure, Q ≈ 100 .
Each part of the grating structure is illuminated by duration, which is defined by the longitudinal size l t . For example, if we consider
13 sec. For λ =10 µ m this value is ten times more. For more detailed description of deflecting devices, see [23, 24] .
A PRACTICAL SCHEME
Let us consider one possible scheme, what realizes the method proposed. On Fig. 3 there is represented the source of coherent radiation 1, which provides a ray 2 with polarization along the direction of motion of accelerated particles. Further there are mounted a long focusing lens 5, for focusing the laser beam in longitudinal direction and the sweeping device 3, 4. The triangle metallization 4 makes the deflecting prism. After deflection the laser beam 6 goes through a cylindrical lens 7 which focuses the laser beam on the surface of the structure surface 6 in transverse direction into a spot 9 with a transverse size of a few wavelengths of the laser light. The focal distance of the lens 7 is chosen small enough for obtaining small cross-sections of the laser focus on the grating and, hence, the gain the electric field strength in the focal point. In this particular moment, the accelerated particles are placed here. The beam is moving along the trajectory 10 and is focusing by quadrupole lenses 11, 12. Each part of the lens 7 Fig. 3 . The Accelerating Devices. Accelerating structure is represented also. illuminated on short time duration, so for successful focusing the material with low dispersion must be chosen. A parabolic mirror can be used instead of the lens 7 as well. In this case the cylindrical surface is displaced along the direction of motion of the particles and the grating is placed in the focus of the parabolic mirror. It is also possible to inverse the sequence of the lens 5 and device 3. For the reason of shortening the distance from the lens to the structure it is desirable. The device, represented on Fig. 3 , is working as follows. The operating voltage in initial moment deflects the laser beam to the beginning of the accelerating module (left side on Fig.1 and Fig. 3) . Starting with the moment of time, synchronized with the phase of the laser light and entrance of the accelerated particles, the sweeping device 3 is supplied by the changing voltage on the metallization 4. This voltage changes the direction of the laser beam 6 so, that the focal point 9 is following the beam, in average, with its velocity. The only part of a totally generated radiation can be used as a source 1. In this case only one general source, what supplies few modules, and 1 can be treated as a device for splitting the light from a unique source with well known optical techniques. This yields a simple way for the phase synchronization for few modules. Due to the possibility to sweep the laser focus to the limited distance about 2 3 ÷ cm , the accelerating device looks like a sequence of 2 cm long accelerating structures with the focusing elements between them. For an appropriate accelerating structure, the pass holes have a fraction of a wavelength of the laser radiation.
ACCELERATING STRUCTURE
There are proposals for an accelerating structure what could be scaled to the wavelength, corresponding to laser radiation [1, 2, 5, 18] . We will consider the requirements for the structure described in [4, 5] (See Fig.3 ). This structure looks more advanced due to best possibilities for obtaining the vacuum required, alignment and cooling. The mostly important property, however, is an existence of the walls from the sides and bottom, what allows good positioning for the vector map of electromagnetic field. The depth of the one cell h is equal approximately to a half of the wavelength. Precise adjustments of the height of the groove is made for the necessary Q-factor value. In the cell the standing wave excited which has only one variation along the y axis. This practically excludes the transverse kick from the wave. The x axis directed across the grating, which has a groove of the width w in this direction (see Fig. 3 ) and x has a zero in the middle of the slot. The y is a zero at the groove's bottom. The channels for the passing of the beam have a size δ λ ≤ 0 2
. . The polarization of the electric field in the laser beam is rectangular in each point to the center direction of the sweeping device 3. In this case the radiation comes to the surface practically rectangular to the surface. This is valid for central zone of the grating. For a phase correction, which is necessary due to the curvature of the wave front, for example, the cylindrical lens 7 could be made with different thickness with the same focal distance. Let us consider a point on the grating, having a coordinate s , calculated from the center of the grating. The distance r between this point and the sweeping device center can be evaluated as r R s R s R R r = + ≅ + ≡ + 
, where n is refractive index of material of the lens. So, if the thickness variation following the law
(not dependent of the wavelength) , then the phase variation will be compensated. Estimation of this value for the end distance s cm
. , will give ∆ ≅ = 1 150 67 / cm m µ only. Some phase variation can be used in alternative phase focusing (APF), see lower. If the mirror is used, the analogous correction can be made with a parabolic profile in longitudinal direction also. This longitudinal profile must have the sweeping device as a focal point.
Synchronization between the particles motion and the focal spot motion must be made in such a manner, that the particles does not come out of the laser spot in average. Loss of synchronization yields decrease of average accelerating gradient and provides the energy spread inside the accelerated beam. The synchronization of the laser phase and position of the particles is more important thing. So, using the focusing lenses 5, 7 and the sweeping device 3, it becomes possible to focus all radiation in a small spot on the structure and to move the focal point along the surface of the grating in synchronism with the motion of the particles. Each part of the grating is illuminated by duration, which is defined by the longitudinal size l t . For example, if we consider l t ≅ 100λ , λ =1 µ m, then l c t / ≅ ⋅ − 3 10
13 sec. For a λ =10 µm this value is ten times more. After the passage of one module, the particles goes to the second module and so on. The short focusing lens 7 made with material, what has a necessary optical bandwidth. Utilization of the polarized filter in the region of the accelerating structure (grating) to prevent illumination the grating with undesirable field component can be useful here. This filter can be made on the surface of the lens.
THE INJECTION SOURCE
The emittances discussed above on the level of The number of the particles required for the method is four orders of magnitude lower, than for the linear collider projects with the same level of luminosity. 
Ordinary systems.

Linear Damping System (LDS) [20]--is the other possibility to
obtain the minimal possible emittance. LDS has the wigglers and accelerating structures displayed one by one along a straight line provides a decrease of transverse emittances and energy spread. With a length of about 1 km and a beam energy of about 15 GeV, the decrease corresponds to a few damping times in a damping ring. The RF supply is the same as for the main Linac, so the LDS has no dependence on repetition rate connected with preparing the low emittance initial beam.
7.3 Kayak-paddle (Dog's bone) cooler [21] --is a damping ring, what made as a sequence of wigglers and accelerating structures, installed along straight line and the bends at the end. The bends can be made to give a small input into cooling process, so we will neglect it's influence. In that sense it is similar to LDS. In LDS, like in damping ring particle needs to re-radiate its full energy a few times. These methods allow, theoretically, emittances of the order
Optical Stochastic Cooling method (OSC) [9] --is another
appropriate method for obtaining the beam with extremely small emittance. This method can give about the same value γ ε y ≤ ⋅ − 2 10 9 cm rad. Example of installation of TLF system is given on Fig. 4 . The accelerating system installed on a separate platform 2, what is large enough to have a hole in the middle for detector 1 positioning. This platform is stabilized to prevent the influence of the ground motion noise. Two addition platforms 3, positioned on the first one, carry the TLF structures. Stabilization of these two platforms on the first one, made with the help of a laser interferometer system. All these cleanings made in the channel 4, connecting TLF system with damping ring 5.
WAKES AND RESISTIVE INSTABILITY
The beam size must be keep small enough to pass trough the channels. A short wavelength of betatron oscillations helps against the resistive wall instability [15] (calculated with MAFIA, [16] ). However the relative variation of the accelerating field is the same as for typical accelerator due to huge accelerating field strength.
A TRANSVERSE ELECTRON FOCUSING
The focusing system is a combination of FODO structure arranged with the quadrupole lenses of appropriate dimensions and RF focusing of different nature [3c]. The Final Focusing system arranged with help of bifrequency RF focusing system supplied by a laser radiation of general and doubled frequency, see lower. See also [10, 11, 17] .
THE FIELD STRENGTH
If we suppose that the full energy of the laser flash is Q, a time duration is t, the number of periods is equal n t T c 
THE NUMBER OF THE PARTICLES
The energy, accepted from the field by N particles is W eNE gI g a m ≅ ( ) where e is the charge of a particle, I g ( ) is a function of the order of unity -an analog of the transit time factor. The share of the energy will be ( )
. From the last relation it follows that , or 10 W. As we suggested the efficiency about 10 % , the power of the laser must be at least 100 W for 100 Hz repetition rate. The impulse power of the laser is P Q i ≅ / τ and we have P 
THE FINAL FOCUS
For realization the high luminosity the envelope function in the interaction region must be of the order of the bunch length, what is about 01 1
. ÷ λ , where λ is the wavelength of the laser radiation.
If we suppose, that the beta function value in the interaction region β * is of the order of the bunch length i.e. much bigger than the length of the bunch. So we came to fundamental conclusion, that the final focus could not be arranged with help of single lens (or either a doublet) in case of focusing to the β * required. The energy spread (Oide Limit effect) can be estimated as following
The mostly natural way to arrange the final focusing for our purposes is a multiplet of FODO structures with the number of the lenses in multiplet of the order of few hundred. The gradient in these lenses must vary from the very strong at the side closest to IP, to weak at opposite side adiabatically. We will call this an Adiabatic Final Focus (AFF). Focusing properties of the RF lens, discussed above [3c] can be used here. A laser radiation of general and multiple frequency can be used for such focusing.
THE LUMINOSITY
For energy E ≅ 300 GeV it is possible to reach emittance ε ≅ ⋅ for H=2 and for repetition rate f =100 Hz only. Notice here that total length for acceleration up to 300 GeV can be about few meters, taking into account that a fraction of the accelerating sections is of the order 50%. As the total energy of the full energy accelerator will be around 1 Joule, what gives the mean power of the order 100 W.
The possibility of operation with high repetition rate, up to few tens kHz is open. The beams of electrons and positrons can be polarized what gives the effective gain in luminosity and reduces the background [19] . 3 4 , where ∆φ is the phase resolution, if a diffraction methods of alignment is used. The value ∆φ ≅ − 10 2 is much bigger, than the possible registered one. For dynamic alignment the piezoelectric movers can be used as well. Alignment is going with the help of reflected radiation. Optical methods allow the diagnosis within a fraction of the wavelength. 
PERSPECTIVES
CONCLUSION
Two positive moments are present in the method proposed. First moment is a reduction of illuminating time for every point at the grating. This reduction is equal, approximately, to the ratio of the laser spot size to the length of the accelerating device (grating). This ratio defined by the number of resolved spots what allowed by deflecting device. The same figure reflects the second positive moment --lowering the laser power (or the flash energy) for the gradient fixed. For realistic parameters, this lowering is about 100 for each moment. The field strength about 100 GeV/m can be achieved by routinely working lasers. This is important, keeping in mined a few kilometer long linac. The accelerating gradient in this method defined only by break down limit for the surface and one can expect at least 10 GeV/m. The general conclusion is that the TLF concept described looks like a realistic model for a Laser Driven Linac.
